Abstract-In
Abstract-In the present study, it was confirmed that the contractile response of isolated guinea-pig ileum to ATP and acetylcholine was enhanced by lowering Mg<SUP>++</SUP> in the medium and reduced by low Call.
However, differing from acetylcholine, the contractile response to ATP at low concentration of 3&times;10<SUP>-6</SUP> to 3,&times;10<SUP>-5</SUP> M was not reduced by lowering Ca<SUP>++</SUP> from 1.8 to 0.1 mM in Mg<SUP>++</SUP>-free medium.
On the other hand, the potentiative action of 5'-AMP on the ATP-induced contraction ob served in normal Tyrode solution disappeared at 0.1 mM Ca<SUP>++</SUP> in Mg<SUP>++</SUP>-free me dium.
It was also observed that not only the inhibitory effect of 5'-AMP and adeno sine on the acetylcholine-induced contraction, but also that of adenosine on the ATP -induced contraction was augmented by lowering Ca<SUP>++</SUP> in the medium. From these findings, it is suggested that the disappearance of the potentiative action of 5'-AMP may be due to the inhibitory action of the adenosine moiety in the molecule augmented by low Ca<SUP>++</SUP>.
Adenosine triphosphate (ATP) has been shown to produce inhibitory (relaxation) and/or excitatory (contraction) response on smooth muscle depending on the tissue. Re cently, Burnstock has suggested that ATP may be a transmitter of the non-adrenergic in hibitory nerve (1). However, the precise mode of action of ATP on smooth muscle is still uncertain.
With regard to the contractile mechanism of ATP, the hypothesis has been put forth that the nucleotide may have acted by virtue of its ability to complex magnesium present in the cell membrane, thereby favoring calcium entry and subsequently contraction (2).
It has been also shown that increase of the Ca"/Mg" ratio in perfusion fluid enhances the contractile response to ATP of the isolated perfused rat renal artery (3).
On the other hand, previous studies (4) in this laboratory demonstrated that the ATP-induced contraction of isolated guinea-pig ileum is specifically potentiated by 5'-AMP and it was suggested that this phenomenon may provide a clue to elucidation of the con tractile mechanism of ATP. The present studies were performed in an attempt to deter mine the effects of external calcium and magnesium ions on the potentiative action of 
RESULTS
Effects of low calcium and magnesium ions on the contractile response to A TP c./ isolated aaiiifon-nio ilouni As shown in Fig. 1 , the minimal and the maximal effective concentrations of ATP were about 3 x 10-5 M and 3 x 10-3 M respectively. The maximal contraction height to ATP was lower than that of acetylcholine.
As shown in Fig. 1 , low Ca" in Tyrode solution resulted in a reduction of the maxi mal contraction height in response to the agonists (Fig. 1) .
Lowering the concentration of Mg" from 1.0 mM (normal) to free in Tyrode solution, the dose response curves for ATP and acetylcholine significantly shifted to the left (Fig. 2) , that is to say the action was intensified. The depressive effect of low Ca" (0.1 mM) on the agonists was also observed in Mg"-free medium (Fig. 2) . On the contrary, the con tractile response to ATP at low concentrations of 3 x 10-6 to 3 x 10-5 M was not affected by lowering Ca" concentration from 1.8 (normal) to 0.1 mM in Mg"-free medium, while that to acetylcholine was depressed (Fig. 2) . The contractile response to acetylcholine, however, was slightly depressed by 5'-AMP and adenosine (Fig. 3) .
FIG. 2. Effects of lowering of Call concentration in
The potentiative action of 5'-AMP was not changed by lowering the concentration of Ca" or Mg" respectively in Tyrode solution (data not shown).
In the modified me dium containing 0.1 mM Ca" and free Mg", however, the potentiation by 5'-AMP was rather feebly depressed though not significantly. On the other hand, the contractile response to ATP in this modified medium was significantly depressed by pretreatment with adenosine (Fig. 4) .
The inhibitory action of adenosine and 5'-AMP on the response to acetylcholine was augmented by lowering the concentration of Ca". This inhibitory effect was more marked in the medium containing 0.1 mM Ca' + and no Mg", and the effect of 5'-AMP was of the same order of magnitude as that of adenosine (Fig. 4) . Similar results were obtained for ADP (data not shown). 
DISCUSSION
It is known that calcium and magnesium compete at some point in events leading to contraction of smooth muscle, a high Ca"/Mg" ratio in the medium favoring con traction and a low ratio opposing contraction (5) . In the present study, it was confirmed that the contractile response of isolated guinea-pig ileum to ATP and acetylcholine was enhanced by low Mg' ' medium and reduced by low Ca". However, the contractile response to a low concentration of ATP was not reduced by lowering Ca++ from 1.8 to 0.1 mM in Mg' ;-free medium. This suggests that the effect of ATP at low concentrations may not be greatly influenced by external Ca ' in Mg' '-free medium, although Ca' + in the medium is essential for muscle contraction. Thus, the contractile action of ATP may be brought about by a mechanism different from that of acetylcholine. With regard to the contractile mechanism of ATP, Daniel and Irwin (2) have postulated that the nucleotide may have acted by virtue of its ability to complex magnesium present in the cell membrane, thereby favoring Ca' entry and subsequently contraction. In fact, it has been found that Mg"-binding activity of microsomal fraction isolated from guinea-pig ileum is inhibited by ATP (unpublished data). Thus, the contractile response to ATP may be produced by means of a mechanism whereby it reduces Mg++ present in the cell membrane.
On the other hand, the potentiative action of 5'-AMP on the ATP-induced contrac tion disappeared by lowering Ca' from 1.8 to 0.1 mM in Mg' ' free medium. Further more, it was observed that the inhibitory effect of adenosine on the ATP-induced con traction was augmented by lowering Ca". Since inhibitory effects of adenine nucleotides are thought to be brought about by the adenosine moiety in the molecule (6) (7) (8) , the dis appearance of the effect of 5'-AMP may be due to the inhibitory action of the adenosine moiety in the molecule augmented by lowering Ca+'. In fact, it was also found in the present study that the inhibitory effect of 5'-AMP on the acetylcholine-induced contrac tion was augmented by lowering Ca" in the medium, and that the effect of 5'-AMP was of the same order of magnitude as that of adenosine. In relation to the present finding, Axelsson and Holmberg (6) have reported that on the K±-depolarized muscle 5'-AMP may produce the inhibitory action through the prevention of Ca' ' influx due to adeno sine moiety in the molecule. Lowering of Ca" in the medium depolarizes the smooth muscle although the tone and the tension development of the muscle do remain strongly inhibited. Thus, it is suggested that the depolarized state after low Ca" may play an important role in augmenting the inhibitory effect of 5'-AMP, although the mechanism of action remains to be elucidated.
